We report the preparation of the interface between graphene and the strong Rashba-split BiAg 2 surface alloy and investigatigation of its structure as well as the electronic properties by means of scanning tunneling microscopy/spectroscopy and density functional theory calculations. Upon evaluation of the quasiparticle interference patterns the unpertrubated linear dispersion for the π band of n-doped graphene is observed. Our results also reveal the intact nature of the giant Rashbasplit surface states of the BiAg 2 alloy, which demonstrate only a moderate downward energy shift upon the presence of graphene. This effect is explained in the framework of density functional theory by an inward relaxation of the Bi atoms at the interface and subsequent delocalisation of the wave function of the surface states. Our findings demonstrate a realistic pathway to prepare a graphene protected giant Rashba-split BiAg 2 for possible spintronic applications. *
Graphene has attracted much attention due to its unique transport, electronic and elastic properties [1] [2] [3] . Taking into account these characteristics, many practical applications of graphene have been proposed. The most promising are graphene-based touch screens, which will potentially replace indium-tin-oxide (ITO) based screens in the future [4, 5] , batteries and supercapacitors [6] [7] [8] , and composite materials [9, 10] . Above that a single atom thick graphene layer can effectively protect the underlying material against oxidation and/or corrosion [11, 12] . This property is particularly exciting when graphene is deposited or formed on the surface of a ferromagnet or a material which exhibits strong spin-orbit interaction [13] [14] [15] [16] [17] [18] [19] . Here the interfacial contact between graphene and the respective material might lead to the appearance of different new phenomena in graphene and at the interface, such as induced magnetism in graphene [20] [21] [22] , possible induced spin-orbit splitting of the graphene π states [23, 24] , conservation of the spin-polarized electron emission from the underlying ferromagnetic material [13, 15] , etc.
Previously published works on the adsorption of graphene on the surfaces of heavy materials, such as Ir(111) and Au(111), demonstrate that such contacts only weakly modify the dispersion of the spin-orbit split surface states of the metal surface. Adsorption of graphene merely leads to a rigid shift of the respective surface states to smaller binding energies [16, 25, 26] , that was explained by the stronger localisation of the surface state wave function, leading to the corresponding energy shift. At the same time the intercalation of Au in the graphene/Ni(111) interface leads to the appearing of the induced spin-orbit splitting of the graphene π states (up to ≈ 100 meV) as a result of the hybridization of these states and valence band states of the underlying heavy metal [23, 24] . Here the energetically unfavourable model of the diluted Au atoms underneath graphene on Ni(111) was proposed [23] . However, recent scanning tunnelling microscopy/spectroscopy (STM/STS) experiments have not shown any hints on such a splitting [28] , leaving the question of induced spin-orbit interaction in graphene still open. In order to resolve this controversy and to evaluate the role of the substrate, further experiments on graphene, which is adsorbed on materials demonstrating strong spin-orbit interaction, are required.
Here we report the fabrication of protective graphene layers on the BiAg 2 surface alloy, which exhibits strongly Rashba-split surface states [29] [30] [31] . In this system diluted Bi atoms form a (
• structure. STM and STS used in the experiment allow to carefully separate the quasiparticle interference (QPI) signatures arising from BiAg 2 and from graphene that gives a possibility to to map the electronic structure of the graphene/BiAg 2 system around the Fermi level (E F ) in great detail. Our results show that the adsorption of graphene on the surface of the alloy only leads to a downward energy shift of the surface state without modifying its spin texture. We found that the π band of the ndoped graphene layer has a linear dispersion in the vicinity of the Dirac point (E D ) with on Ir(111) as described elsewhere [25, 33] . Subsequent deposition of ≈ 70Å of Ag on GNFs/Ir(111) and annealing of this system at 450
• C for 30 min leads to the formation of the GNFs/Ag(111)/Ir(111) system with graphene flakes floating on top. Earlier experimental results [26] and the present STM/STS data confirm the high quality of such a system.
In the next step an almost stoichiometric BiAg 2 alloy is prepared underneath GNFs via ad- and (e), respectively. The discussed features in the FFT maps obtained from the dI/dV images acquired at different bias voltages (U T ) can be assigned to QPI patterns formed after scattering of the electron waves at the surface defects (steps, dislocations, adatoms, etc.).
Analysis of such maps allows to identify particular scattering vectors (q E ) between different electronic states in the Brillouin tone (BZ) at the fixed energy, E = eU T , and to plot the energy dispersion of the carriers E(k) around E F .
The feature around q = 0 shown in Fig is 2k, where k is the wave vector of the Dirac particles at an energy E relative to E F and it is measured with respect to the K point of the graphene BZ. The deviation of the shape of these "ring-like" features from the circle for the large positive bias voltages is due to the trigonal warping at the energies far away from E D as was shown in theoretical calculations [34] . [25, 26] , Ag(111) [26, 37, 38] , Cu(111) [39] , and Ir(111) [16, 40] , where an upward energy shift for the metallic surface states was reported and explained by the stronger localization of the wave function of the metallic surface state producing an increase of Pauli repulsion at the interface. This effect leads to an increase of the energy of the electrons and consequently to the upward energy shift of the surface state. Moreover, recent ARPES experiments also reveal that adsorption of the atoms or molecules with closed shells like rare gas Xe, C 60 , FeOEP, or PTCDA on the surface of the BiAg 2 alloy does not lead to the energy shift of these Rashba-split states and k-splitting remains intact [41, 42] .
In order to fully understand all observed effects we performed modelling of the electronic properties of the gr/BiAg 2 system in the framework of the DFT approach. For the modelling of the surface of the BiAg 2 alloy, 1/3 of Ag atoms in the top layer of the 7-layers Ag(111) slab were replaced with Bi atoms forming the characteristic (
A graphene layer with a (7 × 7) periodicity was adsorbed on one side of this slab, which respectively has a (6×6) periodicity with respect to the Ag(111) in-plane lattice. The resulting structure is shown in Fig. 4(a,b) , where the formed moiré with a periodicity of 17.523Å
is Table T1 of the Supplementary material for the resulting interlayer distances for all considered structures).
In our analysis of the electronic properties of the studied systems, the resulting band structures were unfolded on the (1 × 1) Brillouin zone of the respective sublattice, Ag(111) or graphene. The performed DFT calculations for the above described systems confirm our experimental observations for the downward energy shift of the BiAg 2 surface state after graphene adsorption. In Fig. 5(a) Fig. 5(b) ). This effect can be explained by the stronger localisation of the surface states wave functions that leads to an increase of Pauli repulsion for these states and thus to the energy shift to smaller binding energies.
Relaxation of all atomic positions at the interface between graphene and BiAg 2 alloy, which models the real experimental situation, leads to the opposite effect compared to the previously described case (Fig. 5(c) ). Here we observed the relatively large downward energy shift of the Rashba-split surface states of BiAg 2 . The energy positions of the crossing points at the Γ Our DFT results show that graphene is n-doped in both cases of its adsorption on BiAg 2 (fixed or relaxed structure) with a position of the Dirac point of E D − E F = −545 meV (system B) and E D − E F = −590 meV (system C) (Fig. 5(d) ). This value is in reason- We thank the German Research Foundation (DFG) for financial support within the Priority Programme 1459 "Graphene" and the North-German Supercomputing Alliance (HLRN) for providing computer time. 
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Local electronic properties of the graphene-protected giant Rashba-split Polycrystalline UHV-flash-annealed tungsten and PtIr tips were used for all STM/STS measurements. The sign of the bias voltage corresponds to the potential applied to the sample.
Differential conductance (dI/dV ) maps were recorded by means of standard lock-in technique, using the modulation voltages and frequencies given in the figure captions.
DFT calculations. DFT calculations based on plane-wave basis sets of 500 eV cutoff energy were performed with the Vienna ab initio simulation package (VASP) [1] [2] [3] . The Perdew-Burke-Ernzerhof (PBE) exchange-correlation functional [4] was employed. The electron-ion interaction was described within the projector augmented wave (PAW) method [5] with Ag (4d, 5s), Bi (6s, 6p), and C (2s, 2p) states treated as valence states. The Brillouinzone integration was performed on Γ-centred symmetry reduced Monkhorst-Pack meshes using a Methfessel-Paxton smearing method of first order with σ = 0.2 eV, except for the calculations of total energies. For those calculations, the tetrahedron method with Blöchl corrections [6] was used. A 3 × 3 × 1 k-mesh was used in the case of ionic relaxations and 6 × 6 × 1 for single point calculations, respectively. Dispersion interactions were considered adding a 1/r 6 atom-atom term as parameterised by Grimme ("D2" parameterisation) [7] .
The spin-orbit correction, necessary for the proper description of the properties of the BiAg 2 surface alloy, is taken into account via non-collinear magnetism as implemented in VASP.
The supercell used in this work has a (6 × 6) lateral periodicity with respect to Ag(111).
It is constructed from a slab of 6 layers of Ag, one interface layer of BiAg 2 and one layer of graphene adsorbed on one side and a vacuum region of approximately 23Å (Fig. 4(a,b) ). The band structures calculated for the studied systems were unfolded to the graphene (1 × 1) and Ag (1 × 1) primitive unit cells according to the procedure described in Refs. 8, 9
with the code BandUP. Bi-corrugation 0.000 0.000 0.020 Table T1 . Interlayer mean distances between planes of graphene, Bi atoms, and Ag atoms (inÅ) for clean BiAg 2 (system A), gr/BiAg 2 -fixed (system B), and gr/BiAg 2 -relaxed (system C). . Band structure of (7 × 7)gr/(6 × 6) BiAg 2 -relaxed (system C) unfolded on the BZ of graphene. High symmetry points correspond to BZ of graphene. 
